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1.0 INTRODUCTION 

The Operable Unit (OU) 5 Record of Decision (ROD, DOE 1996) established the constituents of concern 

(COCs) and media-specific final remediation levels (FRLs), as well as the selected remedy for 

remediating the environmental media (soils, surface water, sediment and groundwater) contaminated by 

past production activities and waste management practices. The U.S. Department of Energy (DOE) 

plans to certify a portion of the off-property soil adjacent to the Fernald Environmental Management 

Project (FEMP) as attaining the off-property soil FRLs for all area-specific constituents of concern 

(ASCOCs). The first off-property area to be certified is Area 9, Phase I (A9PI). 

The Sitewide Excavation Plan (SEP, DOE 1998a) defines the process and requirements for FRL 

certification in both on-property and off-property areas. Consistent with the SEP, A9PI requires 

certification and remediation, if necessary, because it is immediately adjacent to two areas that 

underwent remediation on-property and have since been certified. Both Area 1, Phase I (AlPI) and 

Area 1 , Phase I1 (AlPII) were remediated and certified between 1997 and 2000. Although the SEP 

defines the general requirements for certification, there are some undefined details for off-property 

certification due to various land-use conditions and potential requests of property owners, which will 

require regulatory approval in order to complete the certification. These details will be defined in the 

area-specific Certification Design Letter (CDL). 

1.1 AREA9. PHASE I E X T W  

A9PI is located adjacent to the northern half (approximately) of the FEMP eastern property boundary; 

extending east a distance of 750 feet from the fence line (Figure 1). The study area encompasses 

approximately 71.9 acres adjacent to on-property areas AlPI and a small portion of AlPII. 

1.2 CONSTITUENTS OF CONCERN 

According to the SEP, the selection of ASCOCs for off-site locations for certification is based on 

ASCOCs from adjacent, on-site remediation areas. Therefore, A9PI ASCOCs will be the same as the 

ASCOCs for AlPI and AlPII. A short list of indicator ASCOCs selected for analysis for A9PI 

precertification physical sampling included total uranium, radium-226, radium-228, thorium-228, 

thorium-232, arsenic and beryllium. In the,Predesign Investigation Sampling Project Specific Plan (PSP, 

DOE 2000a), lead was added to the list of analytes in the area of A9PI that is adjacent to AlPII. These 
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indicator ASCOCs were evaluated during the precertification process to determine whether remediation 

is necessary prior to certification. The final list of A9PI ASCOCs for certification will be defined in the 

CDL. 

Uranium is typically used as the primary indicator of FEMP-related soil contamination. Any FEMP 

influence on an area like A9PI would be the result of airborne contaminants. Soil characterization across 

the FEiMP property has confirmed that uranium concentrations are higher in downwind impacted surface 

soil due to the pathway of contamination. Typically, other airborne contaminants react in a similar 

manner by concentrating more in surface soil and downwind from the site. 

1.3 PROCESS 

The general three-step process for the completion of certification of A9PI was outlined in a letter dated 

October 5 ,  1998 from DOE to the property owner, Mr. Carl Summe (DOE 1998b). Step one of the 

process (precertification) was to obtain surface radiological scanning measurements and both surface 

(0 to 12 inches) and subsurface (12 to 36 inches) physical soil samples to identify whether the soil meets 

approved OU5 ROD FRL certification criteria for the indicator ASCOCs. According to the SEP, 

certification samples are to be collected from 0 to 6 inches. However, over half of A9PI has been 

plowed. The normal certification strategy cannot be applied in the plowed zone because there is no true 

surface soil layer. Therefore, based on an agreement between DOE and the landowner, the borings 

advanced for the physical soil sample collection were driven to a depth of 36 inches to allow the 

geologist to determine the maximum depth of the plowed zone. All 36 inches of the soil core (in 6-inch 

intervals) were analyzed to determine and evaluate the effects of plowing on the distribution of selected 

ASCOCs. At the time this report was prepared, all radiological measurements and physical sampling 

have been completed. At this point, an evaluation must be made as to whether the excavation of any 

contamination is required (step two) or if certification activities (step three) can begin on A9PI without 

excavation. Final certification will be performed through the collection and analysis of a final set of soil 

samples in order to demonstrate that concentrations of all ASCOCs meet the approved OU5 ROD and 

SEP certification criteria and any other subsequently agreed upon requirements between the regulatory 

agencies and DOE. 

The purpose of this document is to summarize the actions that have taken place in the three distinct 

phases of the A9PI work that has occurred to date: 1) precertification, 2) predesign investigation, and 

O Q Q Q Q ~  
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3) supplemental background soil sampling for the regulatory agencies and the property owner. This 

report also presents DOE’S conclusion, obtained from evaluations of all the data collected to date, that 

there is no need for remediation prior to certification. Based on the information presented in this 

document, the proposed path forward is to submit a CDL consistent with the certification strategy 

outlined in this report. Following the successful completion of certification (Le., step three of the general 

process), a Certification Report will be developed and submitted to the regulatory agencies for final 

approval. 
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2.0 PRECERTIFICATION/PREDESIGN CHARACTERIZATION 

2.1 gURPOsE 

The purpose of precertification scanning and sampling activities within A9PI was to determine if the area 

was ready for certification. Once initial precertification activities were complete and the data were 

analyzed, some anomalous, elevated concentrations of beryllium and arsenic were identified. At that 

point, a decision was made to halt the precertification activities and to initiate additional physical 

sampling activities to explain and/or bound these elevated soil concentrations and determine if soil 

excavation would be necessary prior to certification for A9PI. Therefore, the predesign investigation 

was conducted to provide the information necessary to possibly develop an excavation design. 

Following review of the predesign sample analyses results, which confirmed widespread elevated results 

of beryllium and arsenic at 12 to 36-inch intervals, a decision was then made to obtain additional 

background data in these depth intervals which have not been sampled in the previous background study 

(DOE 1993). Therefore, the Supplemental Background Soil Study was conducted. Section 2.3 describes 

the precertification sampling (Phase I) and subsequent predesign investigations (Phase 11) that were 

carried out in A9PI and presents the results of those investigations. Section 3.0 describes the 

supplemental background sampling (Phase 111) and results. 

2.2 WAL-TIME SCANNrNG AND RESULTS 

In December 1999, precertification real-time scanning began in the northwestern, unplowed portion of 

A9PI. The real-time scan was conducted pursuant to the PSP for A9PI Precertification Real-Time 

Scanning (DOE 1998~). The scan was accomplished using the mobile sodium iodide (NaI) detectors in 

the open fields and the high-purity germanium (HPGe) detectors in steep or wooded areas. 

Unfortunately, wet field conditions and snow cover prevented any scanning after early January 2000. 

The first access agreement for A9PI obtained by DOE expired at the end of February 2000 with 

approximately 25 percent of the scanning completed. A second access agreement was obtained starting 

on June 6,2000, for a period of 90 days, and real-time scanning resumed at that time. Real-time 

scanning was complete in A9PI in late August 2000. 

Real-time scan results and HPGe measurements results are included in Appendix A. Maps of the total 

uranium HPGe results are included because the mobile NaI instruments used to measure total counts are 

not sensitive enough to measure two times the FRL for uranium. The “Total Gross Counts per Second” 

FERV\9PIV\9PIFCERTSUM-RvB\Novernber 28. zoo0 (3:32 PM) 4 
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map does indicate elevated readings in the far south along the FEMP property fence line; however, the 

HPGe readings for uranium fiom the same area are all below the FRLs. 

Although not indicated on the “Total Gross Counts per Second” map, there were slightly elevated count 

rates along natural drainages in the northern, unplowed portion of A9PI. Once the scan results were 

analyzed, it was determined that potassium-40, a naturally occurring radioactive element, was the cause 

of the elevated readings. None of the other elements (radium-226, thorium-232, and total uranium) 

exhibited elevated readings. 

. .  

There were seven HPGe readings that slightly exceeded the radium-226 FRL of 1.5 picocuries per gram 

(pCi/g). HPGe measurements in the seven readings ranged from 1.503 to 1.853 pCi/g. These readings 

were collected within a rather localized area in the unplowed pasture. Wet field conditions prevented the 

collection of the confirmation (3 1 cm) HPGe readings, so instead, a confirmation physical sample was 

collected at each of those seven locations and analyzed at the on-site laboratory for the primary 

radiological COCs. All of these analytical data, including the radium-226 results, came back below the 

off-property FRLs, thus demonstrating that there is no problem with radium-226 contamination in this 

portion of A9PI. Confirmation sample results for radium-226 ranged fiom 0.866 to 1.355 pCi/g as 

compared to the FRL of 1.5 pCi/g. 

Other than the elevated readings explained above, all results were below the target levels (three times the 

FRL for the mobile NaI detectors; one times the FRL for the HPGe). These results indicate no 

radiological contamination above FRL in A9PI surface soil. 

2.3 PRECERTFICATION PHYSICAL SAMPLING AND RESU LTS 

In January 2000, precertification physical samples were collected at nine locations in the plowed portions 

of A9PI. This sampling round is considered Phase I of the A9PI step one activities. The samples were 

collected and analyzed according to the PSP for A9PI Precertification Physical Sampling (DOE 1999) to 

determine whether cultivation had any influence on the distribution and concentrations of ASCOCs. At 

each of the nine locations, a boring was advanced to a depth of 36 inches to determine the maximum 

depth of the plowed zone. Samples were collected at 6-inch intervals throughout the boring for analysis 

to determine and evaluate the effects of plowing on the distribution of ASCOCs. The nine boring 

locations were distributed throughout the southern plowed portion of A9P1, which is immediately 

OOQ889  
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adjacent to the FEMP site boundary (Locations 1 through 9 in Figure 2). The collection of physical 

samples occurred in January 2000 and the results were received from the on-site laboratory in 

March 2000. 

The results of the initial round of physical samples identified below-FRL conditions in the top 12 inches 

(i.e., surface soil) as expected for each ASCOC. Upon collection, the project geologist determined that 

the depth of plowing ranged from 7 to 12 inches. Uranium concentrations in the surface soil were well 

below the FRL [50 milligrams per kilogram (mgkg)]. Uranium concentrations dropped significantly 

with depth of soil confirming the airborne deposition pattern. Subsurface (12 to 36-inch profile) sample 

results showed concentrations of arsenic, beryllium, and radium-226 that were higher than surface 

concentrations. All other indicator ASCOCs (e.g., thorium, radium-228) were below FRLs in both 

surface and subsurface soil. The sample results at depth were unexpected, given the profile of uranium 

in the soil column, which indicated no significant site influence below 12 inches. 

Raw data is also presented for potassium-40, which is used as an indicator for comparison with real-time 

scans. Manganese was also analyzed in the initial nine borings because it had been .retained as a 

contaminant of ecological concern (COEC) in AlPI. Because it was a COEC in AlPI, it should not have 

been retained as an ASCOC in A9PI. The SEP does not include manganese as a COEC off-property, so 

it was dropped as an ASCOC in A9PI (DOE 1998a) after the initial sampling round. 

After discussions with the property owner and the regulatory agencies regarding the results of the initial 

nine borings, it was agreed that further investigation was warranted within A9PI. In April 2000, DOE 

submitted the A9PI Predesign Work Plan (DOE 2000b) to the agencies. The work plan proposed 

19 additional borings (each analyzed at 6-inch intervals to a depth of 36 inches), primarily within the 

plowed portion of A9PI and four surface samples from the northern (primarily unplowed) portion of 

A9PI. This sampling round is considered Phase I1 of the A9PI step one activities. 

On June 6,2000, DOE obtained access to the property for 90 days. The analysis of the samples from the 

19 borings didn't answer the questions regarding the nature and extent of elevated concentrations of 

arsenic, beryllium and radium-226 in the subsurface soil. As a result, several rounds of the additional 

physical samples were collected to attempt to fully characterize the concentration patterns and profiles 'of 

these ASCOCs. In total, 419 samples were analyzed from 67 locations within A9PI (Figure 2). 
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Appendix B contains the raw data from all physical samples collected in A9PI to date and graphs that 

profile the concentration of four ASCOCs in the surface and subsurface soil, which have above-FFU 

conditions. 

The results from the analysis of the A9P1 physical samples showed that arsenic, beryllium, and 

radium-226 were present in concentrations in subsurface soil that were higher than the surface soil in a 

iarge portion of A9PI. However, no elevated concentrations were found in the northern portion of A9PI. 

All other indicator ASCOCs (e.g., thorium) were below FFUs. Further, the elevated arsenic, beryllium 

and radium-226 concentrations in the subsurface soil did not correlate with uranium concentrations. The 

unexpected findings in the subsurface soil resulted in a review of the existing background soil data. The 

review of the background soil data, originally collected and analyzed in 1992, revealed that subsurface 

background data were not available for the 6 to 36-inch intervals. As a result, efforts were initiated to 

collect supplemental background data for selected constituents as described in Section 3.0. The 

supplemental background soil study is considered Phase I11 of the A9PI step one activities. 

In preparation for any excavation that may have been necessary, a cultural resources survey was 

conducted under tfie 90-day access agreement (June 2000 - September 2000). A Cultural Resources 

survey is necessary prior to any excavation conducted on federally owned property, or on non-federally 

owned properties impacted by activities on federally owned properties. 

2.4 m R O  NOLOGY OF E VENTS 

Major events of the A9PI step one activities discussed above are listed in this subsection. 

Phase I - Precertificatioq 

1. Letter to Mr. Summe on sampling plan - October 5 ,  1998 

' 2. Access agreement was signed - November 15,1999 

3. 

4. 

5 .  

6. 

7. 

8. 

Real-time precertification scan begins- December 1999 

Precertification physical sampling begins - January 2000 

Confirmation samples collected - February 2000 

Access agreement expires - February 29,2000 

Radiological analytical data returned from on-site lab - March 2000 

Metals analytical data returned from on-site lab - March 2000 

FERV\9PIV\9PIPCERTSUM-RvB\Novemkr 28, 2ooo (332 PM) 7 6)80011 
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1 

2 

9. 

10. 

Path forward proposal and data to Mr. Summe - March 3 1, 2000 

Meeting with Mr. Summe on data - April 3,2000 

3 

4 

5 

6 

,I 

8 

9 

10 

11 

12 

Phase II - Predes ign 

1 1. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Agency teleconference on A9PI path forward - April 4,2000 

Predesign Work Plan submitted to Agencies - April 2000 

Second Acccss Agreement signed - June 6,2000 

Predesign investigative physical sampling begins - June 2000 

Real-time scanning begins - June 2000 

Real-time scanning completed - August 2000 

Sample analysis completed - August 2000 

Cultural Resource Survey Completed - September 2000 

.a 

13 19. Access agreement expires - September 7,2000 

14 20. Sample result validation completed - September 2000 

15 

16 round Soil Study 

17 21. Supplemental background sampling begins - August 17,2000 

18 22. Supplemental background sampling completed - August 30,2000 

19 23. Agency review of background and A9PI data - October 10,2000 
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3.0 SUPPLEMENTAL BACKGROUND SOIL, STUDY 

3.1 PURP OSE 

The A9PI soil precertification and predesign sampling, as discussed in Section 2.0, identified arsenic, 

beryllium, and radium-226 concentrations in 12 to 36-inch depth intervals above background 

concentrations established through< the Comprehensive Environmental Response, Compensation and 

Liabiiity Act (CERCLA)/Resource Conservation 3nd Recovery Act (RCRA) Background Soil Study 

conducted in 1992 (DOE 1993). The A9PI step one precertificationlpredesign sampling program 

targeted the ASCOCs from the surface down to 36 inches due to the potential for soil blending during 

cultivation- and crop farming. 

The background study, conducted in 1992, characterized potential contaminants in depth intervals 0 to 

6 inches, 36 to 42 inches, and 48 to 54 inches. Appendix C contains the raw data and profile graphs for 

arsenic, beryllium, radium-226 and total uranium from the original background study. Therefore, the 

background concentrations established during the 1992 background study were based on soil samples 

collected from depth intervals above and below the soil layer (12 to 36 inches) that were found to contain 

the elevated concentrations of ASCOCs in A9PI. It was assumed that the 0 to 6-inch interval would have 

the highest concentrations of any contaminant due to the potential influence of past atmospheric 

radiological fallout. While the premise of the 1992 background study was appropriate for determining 

the natural soil weathering impacts through various soil zones and anthropogenic influences on surface 

and subsurface soils, the A9PI data indicated that the previous background results may not sufficiently 

characterize or capture the full range of background soil conditions of the inorganic and radium-226 

below the ground surface. 

The objective of the supplemental background soil study was to assess ASCOC concentrations between 

12 and 36 inches in areas uninfluenced by past Fernald emissions for comparison to A9PI subsurface 

soil concentrations. The sampling was designed to assess the concentrations of the selected ASCOCs in 

farm fields having soil characteristics and past land uses similar to A9PI. This was necessary to 

distinguish any Fernald-related contamination from naturally occurring or other anthropogenic sources 

on crop-producing lands such as A9PI. Although there were only three ASCOCs which raised questions 

during the A9PI precertification and predesign sampling, all COCs analyzed for in the 1992 background 

study were analyzed for in the supplemental study. Analyzing for all COCs provided a complete set of 

FER\A9PI\A9PIPCERTSU,M-RvB\November 28.2000 (3:32 PM) 9 
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new data for comparison purposes, and a complete analysis of the 12 to 36-inch interval, which was not 

provided in the 1992 background study. 

3.2 UPROACH 

Eleven of the 30 properties evaluated under the 1992 background study were selected and sampled in this 

supplemental program (Figure 3). These properties are located approximately three miles northwest of 

the FEMP. Sampling activities were carried out pursuant to the PSP for Supplemental Background Soil 

Study (DOE 2000~). A total of 44 borings were advanced to a depth of 36 inches in 11 properties (four 

borings per property). One of the four borings on each property was located as close as possible to the 

former 1992 boring location, and the other three were evenly spread in the property at locations 

representative of each crop field. One of the four borings from each property was collected for archive 

purposes. Therefore, 33 borings were collected for laboratory analysis. Samples from each boring were 

collected in 6-inch intervals from a depth of 0 to 36 inches. The 6 to 12-inch interval from each boring 

was archived. The total number of samples collected was 264 (165 for analysis and 99 for archive). The 

collection of the 0 to 6-inch interval was to compare the results of the original background study 

completed in 1992 to the supplemental background study. A complete analyte list, analytical methods, 

and minimum detection limits area listed on Table 1. 

3.3 RESULTS OF SUPPLEMENTAL B A C K W U N D  SOIL STUDY 

The raw data and profile graphs for arsenic, beryllium, radium-226 and total uranium from the 

Supplemental Background Study are also included in Appendix C. The following summary concentrates 

on the COCs that were found to be above original representative background concentrations based on 

1992 background study data during the A9PI Predesign Investigation. 

In general, the new background surface (0 to 6 inches) concentration ranges for these four ASCOCs 

consistent with the old background surface concentrations. There are only slight variations between the 

new and old average surface concentrations. 

Arsenic, beryllium and radium-226 background subsurface soil concentrations are generally higher than 

surface concentrations and peak at the 12 to 24-inch depth interval as also seen in the A9PI data (see 

profile graphs in Appendices B and C). Average background concentrations of beryllium based on the 

Supplemental Background Study exceed the off-property FRL. Unlike arsenic, beryllium and 

FERV\9PI!A9PIPCERTSUM-RvB\Novemkr 28,2000 (3:32 PM) 10 
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2 concentrations. 

radium-226, background uranium surface soil concentrations are slightly higher than subsurface 

,. . . . , .  
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4.0 DATA EVALUATION 

4.1 BREL IMINARY E V A L U A m  

The results fiom the precertification investigation and subsequent predesign investigation provided a 

multitude of information and data for use in the soil characterization process of A9PI. The purpose of 

this section is to evaluate these data and recommend the most appropriate path forward with respect to 

coEp!etion of the final certification process. 

From the initial sampling and analyses conducted, it was quickly determined that the critical COCs to the 

certification process were uranium, radium-226, beryllium, and arsenic. The A9PI sampling and 

analyses conducted in the step one activities provided the following results. 

1. Uranium soil concentrations were highest in the surface soils and decreased to 
background concentrations (3 to 5 parts per million) at depths below the plow zone 
(which was identified to be approximately 7 to 12 inches deep based on field geologist's 
lithology records). . 

2. Arsenic, beryllium, and radium-226 soil concentrations increased with depth, peaking at 
between 12 and 24 inches and decreasing between 24 and 36 inches. 

3. Surface arsenic, beryllium, and radium-226 soil concentrations were generally within 
their background concentration ranges. 

Given the initially unexpected, elevated arsenic, beryllium and radium-226 subsurface soil 

concentrations in A9PI and the lack of background soil concentration data for the intervals between 

6 and 36 inches, a supplemental background investigation was initiated. From the completion of the 

supplemental background sampling and analyses investigation, it was found that arsenic, beryllium, and 

radium-226 subsurface soil concentrations are generally higher than surface concentrations and peak at 

between 12 and 24 inches of depth, consistent with A9PI. The depth-specific subsurface soil 

concentrations for beryllium in A9PI were, generally, found to be lower than those data reported in the 

background locations. 

4.2 STATISTICAL ANALYSES 

Statistical analyses were performed on the precertification and predesign data collected in A9PI to 

evaluate whether each of the primary COCs (uranium, beryllium, arsenic and radium-226) could be 

successfully certified to be compliant with their respective FRL. Statistical analyses were also 

FERM9PI\A9PIPCERTSUM-RvB\Novembef 28.2000 (3:32 PM) 12 
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performed to compare the surface and subsurface soil concentrations in A9PI with their respective 

background and supplemental background data. Given the driving role of uranium in the soil 

characterization and remediation process at the FEMP, statistical analyses were made to determine if 

beryllium, arsenic, and radium-226 correlated with the uranium soil concentration profiles within A9PI. 

A correlation between uranium and the other primary COCs would possibly indicate that the origin of 

these other COCs are a result of the past production practices of the FEMP. 

Specific statistical evaluations carried out to evaluate A9PI data include the following: 

1. The supplemental background soil study surface data was compared to the 1992 
background study surface data (Table 2). The supplemental background soil study data 
was used to update the 95" percentile concentrations for both surface and subsurface soil 
(Table 2). The updated 95"percentile concentrations will be the basis of comparison for 
the A9PI data. 

1 

2. Statistical analyses were carried out to compare the A9PI subsurface data with the 
background subsurface data to determine if concentrations represent background 
(Table 2). 

3. A comparison was made to determine if other ASCOCs correlate with uranium 
(Table 2). 

4. Surface and subsurface concentrations were compared to the FRL and background 
concentrations to determine if excavation prior to certification was required (Table 3). 

Appendix D provides the details of all statistical analyses conducted. The following summarizes the 

conclusions of the analyses: 

1. Surface arsenic, beryllium, and radium-226 concentrations in A9PI are generally within 
their respective background concentration ranges as well as below FRLs (Table 3). 

2. Depth-specific surface soil concentrations of uranium in A9PI are higher than the 
background conditions but within the FRL (Table 3). 

3. Depth-specific'subsurface soil concentrations of arsenic in A9PI and background 
locations cannot be differentiated with a high degree of confidence (Table 2). Therefore, 
the arsenic concentrations are unlikely to be related to past site operations. The upper 
confidence limit (UCL) on the mean of A9PI subsurface arsenic concentrations is also 
within the FRL and the 95* percentile of background concentrations (Table 3). 

FERV\9PIV\9PIPCERTSUM-RvB\Novemkr 28, ux)o (3:32 PM) 13 000017 
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Although higher than FRL, the depth-specific subsurface soil concentrations of 
beryllium in A9PI are generally lower than concentrations in the background locations 
(Table 2). Therefore, the beryllium conditions in A9PI are unlikely to be related to past 
site operations. 

Depth-specific subsurface soil concentrations of radium-226 in A9PI are slightly higher 
than those concentrations in the background locations (Table 2) but generally within the 
9S” percentile of subsurface concentrations (Table 3). 

Depth-specific subsurface soil concentrations of uranium in A9PI and background 
locations can not be differentiated with a high degree of confidence (Table 2). 

. 

There is no correlation between uranium and arsenic, beryllium, or radium-226 in A9PI 
(Table 2): As discussed in Section 2.3, uranium is the primary indicator of site-related 
contamination. 

Based on surface uranium concentrations and comparisons of all the COC concentration 
profiles to the background conditions, any significant impacts on A9PI from the FEMF’ 
are likely limited to the top 12 inches of soil. 

4.3 CONCLUSIONS 

Concentrations of indicator ASCOCs in both surface and subsurface soils in A9PI are generally 

consistent with those observed at background locations. Uranium concentrations in surface soils are 

elevated compared to background; however, they are generally much below the off-property FRL for 

uranium. Subsurface concentrations of radium-226 may be elevated slightly relative to background, but 

are not sufficiently high to present a problem for certification. 

DOE proposes that certification activities be initiated in A9PI and that both surface (0 to 12-inch depth) 

and subsurface (12 to 36-inch depth) samples be collected for certification. No remediation of A9PI 

soils is necessary prior to certification. This path forward is consistent with the discussions between 

DOE and the regulatory agencies during the November 14,2000 Technical Information Exchange 

Meeting. All the data collected to date and preliminary evaluation results were presented by DOE to the 

property owner on November 13,2000. 

FERL49PIL49PIPCERTSUM-RvB\November 28, u)oo (332 PM) 14 000018 
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5.0 GENERAL CERTIFICATION APPROACH 
3 9 5  

5.1 G I H  

It is proposed that certification of A9PI occur in approximately 52.9 acres adjacent to the excavated 

portion of AlPI (Figure 4). The northern portion of A9P1, approximately 19 acres, does not require 

certification because it is adjacent to a portion of AlPI that did not require excavation and all data 

collected in this area indicated no elevated concentrations. The certification of A9PI will include the 

coiiection ofboth surface samples (0 to 12 inches) and subsurface samples (12 to 36 inches) in al! 

plowed portions of A9PI (even though the data collected to date in A9PI do not indicate 

above-background conditions in subsurface). In unplowed portions of A9P1, only surface samples down 

to 6 inches will be collected (Figure 4). Certification activities will be camed out per Certification 

Approach E, as outlined in the SEP. 

5.2 SCHE DULE 

A CDL outlining the detailed certification approach for A9PI will be submitted to the regulatory 

agencies by January 19,200 1. Immediately upon approval of this Precertification Summary Report by 

the agencies, DOE will request access to A9PI to conduct certification sampling. The response to that 

request will determine the schedule that DOE presents in the CDL for proceeding with,certification of 

A9PI. 
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Sodium 

Thallium 

Vanadium 

Zinc 

8393 TABLE 1 
TARGET ANALYTE LIST FOR 

SUPPLEMENTAL BACKGROUND SOIL STUDY 

ICP 17.7 

GFAA 0.3 

ICP 1.57 

ICP 0.36 

ASL - analytical support level 
CVAA - cold-vapor atomic absorption spectrometry 
GFAA - graphite-furnace atomic absorption spectrometry 
ICP - inductively coupled plasma 
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TABLE 1 
TARGET ANALYTE LIST FOR 

SUPPLEMENTAL BACKGROUND SOIL STUDY 
(Continued) 

. 3393 

HAMDCs - Radionuclides via 
Gamma Spectroscopy - 

ASL D (P c w  * 

Radium-226 

Radium-228 

Radium-224 

Uranium-235 

Uranium-23 8 

Total Uranium 

r- Thorium-228 I 0.15 I 
I Thorium-232 I 0.14 I 

Actinium-227 

Cesium- 137 

Lead-2 10 

Potassium-40 

Protactinium-23 1 

Ruthenium- 106 

HAMDC - highest allowable minimum detectable 
concentration 
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Arsenic 
(mg/kg) 

Statistical Analysis 

Off-Property FRL 9.60 

10.08 

12.36 

12.30 

Background Surface (0”-6“j ‘u’pper 95”’ Percentile 

Background (0”-36”) Upper 95”’ Percentile 

Background Subsurface (12”-36”) Upper 95”’ Percentile 

TABLE 2 
SUMMARY OF STATISTICAL ANALYSES PERFORMED 

TO COMPARE BACKGROUND AND A9PI SOIL SAMPLING DATA 339 
Total Beryllium Radium-226 Uranium 

(mg/kg) @“g) (mg/lcg) 
0.62 1.50 50.0 

0.88 1.40 4.55 

1.44 1.60 4.58 

1.25 1.50 4.55 
~ 

Background Surface - Old vs. New Data 

A9PI 12”-18” vs. Background 12”-18” at 99% Confidence Level 

CNBD CNBD CNBD CNBD 

CNBD Lower Higher CNBD 

A9PI 18”-24” vs. Background 18”-24” at 99% Confidence Level 

A9PI 24”-30” vs. Background 24”-30” at 99% Confidence Level 

CNBD Lower Higher CNBD 

CNBD CNBD Higher CNBD 

~~ ~ 

A9PI 18”-24” vs. Background 18”-24” at 95% Confidence Level l H i g h e r  I ~~~ CNBD I Higher I CNBD 

______~  ___ 

A9PI 30”-36“ vs. Background 30”-36 at 99% Confidence Level 

A9PI 12”- 18” vs. Background 12”- 18” at 95% Confidence Level 

CNBD Lower Higher CNBD 

CNBD Lower Higher Higher 

Correlation (R’) of Concentrations - A9PI COCs vs. Uranium 1 0.0140 I 0.0336 I 0.0025 I 1.0 

A9PI 24”-30” vs. Background 24”-30” at 95% Confidence Level 

A9PI 30”-36“ vs. Background 30”-36” at 95% Confidence Level 

Higher .Lower Higher . CNBD 

CNBD Lower Higher Higher 

I 0.0088 I 0.0104 I 0.0304 Correlation (R’) of Concentrations - A9PI Subsurface COCs vs. 
Uranium 

0.0235 Correlation (R’) of Concentrations - A9PI Top 12” COCs vs. 
Uranium 

. 

CNBD - can not be differentiated (see Appendix D) 

0.0157 0.0001 1 .o 
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A9PI Top 6” UCL of Mean vs. Background 95* Percentile 

A9PI Top 12” UCL of Mean vs. FRL 

TABLE 3 
STATISTICAL ANALYSIS TO COMPARE FRLS, 

REPRESENTATIVE BACKGROUND CONCENTRATIONS AND A9PI DATA 

Lower Lower Lower Higher 

Lower Lower Lower Lower 

93 

A9PI Top 12” UCL of Mean vs. Background Surface 95* Percentile 

A9PI Top 12” UCL of Mean vs. Background 95* Percentile 

Statistical Analysis 

Lower Lower Lower Higher 

Lower Lower Lower Higher 

A9PI Top 6” UCL of Mean vs. FRL I Lower I Lower I Lower I Lower 

Lower A9PI Subsurface UCL of Mean vs. Background Subsurface 
95* Percentile 

~~ ~ _ _ _ _ _  

A9PI Top 6” UCL of Mean vs. Background Surface 95* Percentile Lower 1 Lower 1 Lower 1 Higher 

Lower Lower Lower 

A9PI Subsurface UCL of Mean vs. FRL I Lower I Lower I Lower I Lower 
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, ' Area 9 Phase I, Phase I 3593 

Total Gross Counts per Second (cps) 

RTRK Batch#: 777,778,779,780,812,813,815-81 7,819422,824 
RSS Batch#: 51 8,519,520,521,522,523,583,584,590,591 -602,606,610,611 

HPGe Det.: 30904,31144,31265,40743 
613,614,616418,622624 

Measurement Dates: 12/21/99 to 08/15/00 

I 

484500.0E 

484000.00- 

483500.00- 

483000.00- 

482500.00- 

482000.0CL 

481500.00 

Elevated total counts 
caused by nearby - 
radioactive shipment 

481000.00 

RMS Total Counts (CpS) 

0 0.00 to 2500.00 
0 2500.00 to 3500.00 
0 3500.00 to 4500.00 

4500.00 to 10000.00 

,- ,- 

/ 
/ 

/ 

I I I 
1352000.00 1352500.00 1353000.00 

RTlMP DWG Title: A9P1-P1-PC-TC-1 PT-MC.srf 
Project Name: A9P1 PreCert Real Time Scan 
Project Number: 20702-PSP-0001 
Prepared By: David Allen1 
File Name: A9P1-PI-PC-TC-1 PT-MC.srf 
Date Prepared: 11116lOO 000026 



Area 9 Phase I, Phase I - 3  
Moisture Corrected Potassi urn -40 

RTRK Batch#: 777,778,779,780,812,813,815-81 7,819822,824 
RSS Batch#: 51 8 3 1  9,520,521,522,523,583,584,590,591 -602,606,610,611 

HPGe Det.: 30904,31144,31265,40743 
Measurement Dates: 12/21/99 to 08/15/00 
Field of view to scale 

61 3,614,616-61 8,622-624 

484500.00- 

484000.00- 

483500.00- 

483000.00- 

482500.00 

482000.00 

481 500.00 

481000.00 

--- 
1352000.00 

RlAS K-40 (pCi/g) HPGe K-40 (pci ig)  

0 10.00 to 15.00 
15.00 to 20.00 0 15.00 to 20.00 
20.00 to 10000.00 20.00 to 10000.00 

/ 

T--'---- - - - .. . . 
1352500.00 1353000.00 

3 93 

RTIMP DWG Title: ASPl-Pl-PC-K-2PT-MC.srf 
Project Name: A9P1 PreCert Real Time Scan 
Project Number: 20702-PSP-0001 
Prepared By: David Allen1 
File Name: A9Pl-Pl-PC-K-2PT-MC.srf 
Date Prepared: 11/16/00 000027 
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RMS Ra-226 (pCi/g) 

0 -0.20 to 1.50 
0 1.50 to 3.00 
0 3.00 to 4.50 

4.50 to 10000.00 

Area 9 Phase I, Phase I 

Moisture & Radon Corrected Radium-226 

RTRK Batch#: 777,778,779,780,812,813,81541 7,819422,824 
RSS Batch#: 51 8 3 1  9,520,521,522,523,583,584,590,591 -602,606,610,611 

HPGe Det.: 30904,31144,31265,40743 
MeaSurement Dates: 12/21/99 to 0811 5/00 
Field of view to scale 

61 3,614,616-61 8,622-624 

3393 

484500.00- 

484000.0& 

483500.00- 

483000.00- 
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482000.00. 
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---l------ I- -- 
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. HPGe Ra-226 (pCi/g) 

0 0.00 to 1.50 
0 1.50 to 3.00 
0 3.00 to 4.50 

4.50 to 10000.00 

RTIMP DWG Title: A9Pl-Pl-PC-RA-2PT-MC.srf 
Project Name: A9P1 PreCert Real Time Scan 
Project Number: 20702-PSP-0001 
Prepared By: David Allen1 
File Name: A9PI-Pl-PC-RA-2PT-MC.srf 
Date Prepared: 11/16/00 OOQO28 



Area 9 Phase I ,  Phase I - 83 9 
Moisture Corrected Thorium-232 

RTRK Batch#: 777,778,779,780,812,813,815-81 7,819422,824 
RSS Batch#: 51 8,519,520,521,522,523,583,584,590,591 -602,606,610,611 

HPGe Det.: 30904,31144,31265,40743 
Measurement Dates: 12/21/99 to 08/15/00 
Field of view to scale 

61 3,614,616-61 8,622-624 
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484000.00- 
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HPGe m-232 (pciig) 

4.20 to 10000.00 

I 

RTIMP DWG Title: A9Pl-Pl-PC-TH-2PT-MC.srf 
Project Name: A9P1 PreCert Real Time Scan 
Project Number: 20702-PSP-0001 
Prepared By: David Allen1 
File Name: A9P 1 -P 1 -PC_TH2 PT-MC. srf 
Date Prepared: 1 1 /I 6/00 000029 



Area 9 Phase I, Phase I 3393 
Moisture Corrected Total Uranium 

RTRK Batch#: 777,778,779,780,812,813,815-81 7,819422,824 
RSS Batch#: 51 8,519,520,521,522,523,583,584,590,591 -602,606,610,611 

HPGe Det.: 30904,31144,31265,40743 
Measurement Dates: 12/21/99 to 08/15/00 
Field of view to scale 

61 3,614,616-61 8,622-624 -- 
I A 

RMS Total U (ppm) 
0 -70.00 to 100.00 
0 100.00 to 150.00 
0 150.00 to 200.00 

200.00 to 10000.00 

L____r___----- - 
1352000.00 

HPGe Total U (ppm) 

0 100.00 to 150.00 
0 150.00 to 200.00 

200.00 to 10000.00 

- . I---- 
1352500.00 1353000.00 

RTIMP DWG Title: ASPI-Pl-PC-TU-2PT-MC.srf 
Project Name: A9P1 PreCert Real Time Scan 
Project Number: 20702-PSP-0001 
Prepared By: David Allen1 
File Name: A9Pl-Pl-PC-TU-2Pr-MC.srf 
Date Prepared: 11/16/00 000030 



HPGe Results 
Detector Height of 100cm. 



A9Pl 
Moisture Corrected Total Uranium 
100 cm detector height 

3 3 9 3 
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AREA 9, PHASE I ANALYTICAL DATA 

aualiflerDeflnition 
Result was not qualified. 

U The analyte was not detected. The value listed as the result is the minimum detectable concentration. 
J Estimated. ic 

NV Data was not validated. This qualifer is used for Potassium40 for locations 4 through 9. 
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' C  BACKGROUND SOIL STUDY DATA 

Arsenic SBS-5-2-4RM 05 2 4 18-24 6.51 J mglkg SUPPLEMENTK 
Arsenic SBS-5-3-4RM 05 3 4 18-24 9.17 J mglkg SUPPLEMENTAL 
Arsenic SBS-6-1-4RM 06 1 4 18-24 11.6 , J mglkg SUPPLEMENTAL 

mglkg SUPPLEMENTAL Arsenic SBS-6-2-4RM 06 
Arsenic SBS-6-3-4RM 06 3 4 18-24 6.74 mglkg SUPPLEMENTAL 

- 

2 4 18-24 12.8 - -  
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PARAMETER SAMPLE ID PROPERTY BORING DEPTH ID DEPTH RESULT(1) QUALIFIER 

Uranium, Total 61704 1876 9 48-54 2.62182 
Uranium, Total 61637 1759 9 48-54 2.75866 
Uranium, Total 61625 01 1755 9 48-54 3.12317 

I 

QualrflerDeflnition 
Result was not qualified. 
The analyte was not detected. The value listed as the result is the minimum detectable U 

J Estimated. 

UNITS STUDY 

mglkg ORIGINAL 
mglkg ORIGINAL 
mglkg ORIGINAL 

concentrat 

. .  . >.. ; , , ?! 
,' . . ' I ' I . .  .. 8 

Page 18 of 18 
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SUMMARY OF STATISTICAL ANALYSES 
PERFORMED ON THE 

BACKGROUND AND A9PI SOIL SAMPLING DATA 

STATISTICAL ANALYSIS 

Current FRL 

Arsenic Beryllium Radium- Total 
(mg/kg) (rng/kg) 226 Uranium 

(pCi/g) (mg/kg) 
9.60 0.62 1.50 50.00 

I I I I 

Background Surface (0"-6") Upper 95 Percentile I 10.08 1 0.88 I 1.40 I 4.55 

Background (0"-36") Upper 95 Percentile 

Background Surface - Old Vs. New Data 
A9PI 12"-18" Vs. Background 12"-18" at 99% Confidence Level 

A9PI 18"-24" Vs. Background 18"-24" at 99% Confidence Level 

I I I I 

Background Subsurface (1 2"-36") Upper 95 Percentile 1 12.36 I 1.44 I 1.60 I 4.58 
12.30 1.25 1.50 4.55 
CNBD CNBD CNBD CNBD 

CNBD Lower Higher CNBD 
CNBD CNBD Higher CNBD 

A9PI 24"-30" Vs. Background 24"-30" at 99% Confidence Level 

A9PI 30"-36" Vs. Background 30"-36" at 99% Confidence Level 

A9PI 12"-18" Vs. Background 12"-18" at 95% Confidence Level 

A9PI 18"-24" Vs. Background 18"-24" at 95% Confidence Level 

A9PI 24"-30" Vs. Background 24"-30" at 95% Confidence Level 

CNBD Lower Higher CNBD 
CNBD Lower Higher CNBD 

CNBD Lower Higher Higher 
Higher CNBD Higher CNBD 
Higher Lower Higher CNBD 

A9PI 30"-36" Vs. Background 30"-36" at 95% Confidence Level 

Correlation (R2) of Concentrations - A9PI COCs Vs. Uranium 

Correlation (R2) of Concentrations - A9PI Top 12" COCs Vs. Uranium 

' CNBD Lower Higher Higher 

0.01 40 0.0336 0.0025 1 .o 
0.0235 0.01 57 0.0001 1 .o 

Correlation (R2) of Concentrations - A9PI Subsurface COCs Vs. Uranium 

A9PI Top 6" UCL of Mean Vs. Current FRL 

A9PI Top 6" UCL of Mean Vs. Background Surface 95 Percentile 

A9PI Top 6" UCL of Mean Vs. Background 95 Percentile 

A9PI Top 12" UCL of Mean Vs. Current FRL 

A9PI Top 12" UCL of Mean Vs. Background Surface 95 Percentile 

CNBD: Can Not Be Differentiated 

0.0088 0.01 04 0.0304 1 .o 
Lower Lower Lower Lower 
Lower Lower Lower Higher 
Lower Lower Lower Higher 

Lower Lower Lower Lower 
Lower Lower Lower Higher 

A9PI Top 12" UCL of Mean Vs. Background 95 Percentile 

A9PI Subsurface UCL of Mean Vs. Current FRL 

A9PI Subsurface UCL of Mean Vs. Background Subsurface 95 Percentile 

Lower Lower Lower Higher 

Lower Lower Lower Lower 
Lower Lower Lower Lower 



I '  

Percentiles: 
0 

0 

Background comparison percentile used: 95"' Percentile 
Before background percentiles were calculated, distribution testing was performed to categorize 
the data as having a Normal distribution or a Lognormal distribution, or being undefined. As in 
the SEP, the distribution test procedure used was the Shapiro-Wilk test (Shapiro-Francia test for 
sample sizes in excess of 50 samples) at the 5 percent significance level. 
For data sets determined to be Normal or Lognormal standard parametric procedures were used to 
estimate the 95'' percentile (see Gilbert, 1987). 
For data sets of undefined distribution the 95"' percentile was estimated as the 95" percentile of 
the sample population (a nonparametric or distribution-free method.) 

0 

0 



Background Percentiles 

'arameter !Dataset 

rsenic 

,rsenic 

rsenic 

nenic 
rsenic 

Old+New (SS: 0"-6") 

Old+New (Sub: 12"-54") 

Old+New (Sub: 12"-36) 

Old+New (All: 0"-54") 
Old+New (All: 0"-36) 

leryllium Old+New (SS: 0 - 6 )  

leryllium Old+New (Sub: 12"-54") 

leryllium Old+New (Sub: 1211-36") 

leryllium Old+New (All: 0-54") 
lervllium Old+New (All: 0-361  

tadium-226 Old+New (SS: 0"-6") 

ladium-226 Old+New (Sub: 12"-54") 

tadium-226 Old+New (Sub: 12"-36") 

tadium-226 Old+New (All: 0-54") 
?adium-226 Old+New (All: 0"-36") 

Jranium, Total Old+New (SS: 0-6") 

Jranium, Total Old+New (Sub: 1211-54) 

Jranium, Total Old+New (Sub: 12"-36") 

Jranium, Total Old+New (All: 0"-54") 
Iranium, Total Old+New (All: 0-36") 

Distribution 

LN (.330) 

Undefined 

N (.324) 

Undefined 
Undefined 

Undefined 

Undefined 

LN'(.894) 

Undefined 
LN (.880) 

Undefined 

Undefined 

Undefined 

Undefined 
Undefined 

Undefined 

Undefined 

Undefined 

Undefined 
Undefined 

~ 

Normal Lognormal Nonparametric 
N Mean SD 95th Dct. LoaMean LoaSD 95%tile ank of 95th%n 95th% 

61 

184 

140 

245 
20 1 

6.23 1.91 1.78 0.32 

7.05 2.95 

7.58 2.90 

6.84 2.75 
7.17 2.71 

174.80 57.g5d 12.30 

65 0.45 0.22 0.81 

190 0.66 0.38 1.27 

140 0.77 0.36 1.37 

255 0.60 0.35 1.19 
205 0.71 0.32 1.24 

-0.35 0.43 

-0.43 0.40 

61.75 

180.50 

133.00 

242.25 
194.75 
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Population-to-Population Comparisons: 
Population-to-Population comparisons (Area 9 data to Background data) were performed at both 
the 95 percent and 99 percent confidence level. 
Population-to-Population comparisons were accomplished using one of two methods depending 
on the outcome of a comparison of sample standard deviations. 

- If the two population standard deviations could not be differentiated at the 95 percent 
confidence level then the t-Test was used to compare the populations. 

- If the two population standard deviations were significantly different at the 95 percent 
confidence level then the Mann-Whitney (a.k.a. Wilcoxon) test was used to compare the 
populations. This is actually a nonparametric test comparing median values. Large 
differences in standard deviations between two populations can cause parametric 
.procedures such as the t-Test to become unreliable. For this reason the Mann-Whitney 
test, which is not so adversely affected by differences between standard deviations, was 
used to compare these data sets. 

. 
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Comparison of Background Surface Soil from the "Farm Use" areas. 

ARSENIC 

Dataset N ~ Min Max Mean SD LowQ UpQ LCI UCI 
Old 1 1  3.5 9.2 6.15 1.99 4.50 8.10 4.81 7.49 
New 35 2.28 10.3 6.83 1.87 5.64 8.11 6.19 7.48 

I t-Test (means) I 
t =  1.052 
P-value = I 0.2981 (eqiial variances) CMBD @ 95% C.L. 

F-test 
F =  0.875 
P-value = 0.722 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  150.5 
P-value = 0.285 

BERYLLIUM (using DL, not DU2) 

Dataset N Min Max Mean SD LowQ UpQ LCI UCI 
Old 1 1  0.47 0.6 0.505 0.036 0.490 0.500 0.482 0.529 . 
New 35 0.33 0.97 0.605 0.174 0.465 0.710 0.546 0.665 

I t-Test (means) 
i t =  3.191 
I P-value = 0.003 (unequal variances) 

F-test 
F =  23.933 
P-value = 0.000 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  124.0 
P-value = I 0.0801 CNBD @ 95% C.L. 

809119 



RAD1 U M -226 

Dataset N Min Max Mean SD LowQ UpQ LCI UCI 
Old 11 .1.02 1.39 1.25 0.111 1.20 1.33 1.17 1.32 
New 35 1.1 .1.5 1.22 0.091 1.20 1.30 1.19 1.26 

I t-Test (means) 
t =  -0.665 
P-value = 1 ’ 0.5091 (equal variances) CNBD @ 95% C.L. 

F-test 
F =  0.670 
P-value = 0.370 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  240.5 
P-value = 0.202 

URANIUM, TOTAL 

Dataset N 
Old 11 
New 35 

&Test 
t =  2.41 5 
P-value = 0.021 

F-test 
F =  38.358 
P-value = 0.000 

Min Max Mean SD LowQ UpQ LCI UCI 
2.70 3.55 3.10 0.24 3.02 3.22 2.94 3.26 
1.90 9.10 3.73 1.48 2.80 4.10 3.22 4.23 

(means) 

(unequal variances) 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  141 .O 
P-value = I 0.189) . CNBD @ 95% C.L. 



Comparison of Area 9 vs Background (12"-18" only) 

ARSENIC 

Dataset N Min Max Mean SD Low Q Up Q LCI.95 UCIeg5 LC1.99 UCI.99 
Area 9 66 4.015 16.2 10.00 3.24 7.08 12.40 9.34 10.67 9.06 10.96 
Background 35 0.69 13.2 8.72 2.97 6.59 . 11.00 7.87 9.57 7.49 9.95 

t-Test (means) 
t =  1.955 
P-value = 0.053 (equal variances) CNBD 

F-test 

P-value = 0.593 
F =  1.1 87 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  898.5 
P-value = 0.034 

BERYLLIUM (using DL, not DL12) 

Dataset N Min Max Mean SD LowQ UpQ LCl.95 
Area 9 67 0.029 2.93 0.543 0.530 0.190 0.720 0.435 
Background 35 0.37 3.05 0.910 0.474 0.620 . 1.070 0.775 

t-Test (means) 
t =  -3.453 
P-value = 0.0008 (equal variances) Area 9 Background 

L 
F-test (variances) 
F =  1.249 
P-value = 0.484 

Mann-Whitney (Wilcoxon) W test 
W =  1836.0 
P-value = 1 .ooo 

(medians) 

uC1.g~ LC1.99 UC1.99 
0.651 0.388 0.697 
1.046 0.715 1.106 



I 
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Mann-Whi t ney (Wilcoxon) W test 
W =  91 2.0 A9 > Background @ 95% C.L. 

(medians) 

P-value = 0.042 CNBD @ 99% C.L. 
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RADIUM-226 

Dataset N Min Max Mean SD Low Q Up Q LClss UCI.ss LC1.8s UCl.ss 
Area 9 66 0.81 1.74 1.44 0.15 1.38 1.54 1.41 1.47 1.39 1.48 
Background 35 0.94 1.60 1.34 0.18 1.30 1.50 1.29 1.39 1.27 1.41 

t-Test (means) 
t =  2.851 
P-value = 0.005 (equal variances) Area 9 > Background 

F-test 
F =  0:775 
P-value = 0.373 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  789.0 
P-value = 0.005 

URANIUM, TOTAL 

Dataset N Min Max Mean SD Low Q Up Q LCImg5 UC1.ss LC1.99 UCI.sg 
Area 9 66 1.21 22.36 3.77 3.22 1.59 4.44 3.11 4.44 2.83 4.72 
Background 35 1.05 5.90 2.79 1.36 1.40 3.80 2.40 3.18 2.22 3.35 

t-Test (means) 
t =  2.157 
P-value = 0.033 (unequal variances) 

F-test 
F =  5.586 
P-value = 0.000 

(variances) 

. .  



Comparison of Area 9 vs Background (18"-24" only) 

ARSENIC 

t-Test (means) 
t =  2.434 A9 > Background @ 95% C.L. 
P-value = 0.017 (equal variances) CNBD @ 99% C.L. 

Dataset N Min Max Mean SD Low Q Up Q LClaS5. UCI.s5 LCImg9 
Area 9 66 2.735 16.1 9.25 2.78 7.33 11.50 8.68 9.82 8.43 
Background 35 3.02 13.8 7.84 2.76 5.61 9.74 7.05 8.63 6.70 

Mann-Whitney (Wilcoxon) W test 
W =  1484.0 

0..986 CNBD P-value = A 

. (medians) 

F-test 
F =  , 1.016 
P-value = 0.984 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  826.5 
P-value = 0.0096 

BERYLLIUM (using DL, not DL12) 

Dataset N Min Max Mean SD Low Q * Up Q LCI,, UC1.s5 LC1.99 
Area 9 67 . 0.03 3.18 0.788 0.543 0.470 1.040 0.677 0.898 0.630 
Background 35 0.37 1.4 0.879 0.293 0.620 1.110 0.796 0.963 0.759 

t-Test (means) 
t =  -1 .lo9 
P-value = 0.2699 (unequal variances) 

uc1.99 
10.06 
8.98 

u CI.99 
0.946 
1 .ooo 



RADlU M-226 

Dataset N Min Max Mean SD Low Q Up Q LC1.9, UC1.95 LC1.99. UCl.99 
Area 9 66 0.75 1.78 1.47 0.22 1.41 1.60 1.42 1.51 1.40 1.53 
Background 35 0.60 1.60 1.25 0.31 1.00 1.50 1.16 1.34 1.13 1.38 

t-Test (means) 
t =  3.700 
P-value = 0.0005 (unequal variances) 

F-test 
F =  0.501 
P-value = 0.01 7 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  600.0 
P-value = 0.000 Area 9 > Background 

URANIUM, TOTAL 

Dataset N Min Max Mean SD Low Q Up Q LCImQ5 UCI.95 LC1.99 UCI.Q~ 
Area 9 66 0.88 8.09 2.82 1.65 1.48 3.92 2.48 3.16 2.33 3.31 
Background 35 0.80 8.80 2.81 1.62 1.25 3.65 2.35 3.28 2.14 3.48 

t-Test (means) 
t =  0.023 
P-value = 0.982 (equal variances) CNBD 

F-test (variances) 
F =  1.040 
P-value = 0.920 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  1054.5 
P-value = 0.238 
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Comparison of Area 9 vs Background (24"-30" only) 

ARSENIC 

Dataset N Min Max' Mean SD Low Q Up Q LCl.95 UCl-g, LCl.gg UCI.gg 
Area 9 66 4.09 15.6 8.77 2.75 7.07 10.70 8.21 9.34 7.96 9.58 
Background 35 '1.73 15.8 7.45 3.04 5.30 9.46 6.58 8.32 6.20 8.70 

t-Test (means) 
t =  2.21 7 A9 > Background @ 95% C.L. 
P-value = 0.029 (equal variances) CNBD @ 99% C.L. 

F-test 
F =  0.819 
P-value = .0.483 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  841 .O 
P-value = 0.01 3 

BERYLLIUM (using DL, not DL12) 

Dataset N Min Max Mean SD LowQ UpQ LCIag5 
Area 9 67 0.08 1.84 0.579 0.282 0.420 0.720 0.521 
Background 35 0.26 1.75 0.736 0.318 0.500 0.850 0.645 

t-Test (means) 

P-value = 0.01 19 (equal variances) Area 9 < Background 
t =  -2.561 

F-test 
F =  0.786 
P-value = 0.398 

Mann-Whitney (Wilcoxon) W test . 
W =  1554.0 
P-value = 0.004 

u c 1 . ~  LCI.99 UcI.99 
0.636 0.497 0.661 
0.827 0.605 0.867 

(variances) 

(medians) 
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RADIUM-226 

Dataset N Min Max Mean SD Low Q Up Q LCI.s5 UClS5 LCI.ss UCI.ss 
Area 9 66 0.83 1.83 1.35 0.27 1.16 1.56 1.29 1.40 1.27 1.43 
Background 35 0.68 1.70 1.14 0.31 0.85 . 1.40 1.05 1.23 1.01 1.27 

t-Test (means) 
t =  3.438 
P-value = 0.0009 (equal variances) Area 9 > Background 

F-test (variances) 
F =  0.786 
P-value = 0.401 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  665.5 
P-value = 0.000 

URANIUM, TOTAL 

Dataset N Min Max Mean SD Low Q Up Q LCleS5 UCI.sI LCI.ss UCl.Qs 
Area 9 66 0.95 6.26 2.67 1.44 1.37 3.93 2.37 2.96 2.24 3.09 
Background 35 0.90 4.95 2.49 1.11 1.25 3.30 2.17 2.81 2.03 2.95 

t-Test (means) 
t =  0.61 7 
P-value = 0.539 (equal variances) CNBD 

F-test 
F =  1.678 
P-value = 0.102 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  1046.0 
P-value = 0.21 9 
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- 
t-Test (means) 
t =  1.767 
P-value = 0.080 (equal variances) CNBD 

& -  3393 

Comparison of Area 9 vs Background (30"-36" only) 

ARSENIC 

Dataset N Min Max Mean SD Low Q Up Q LCIeQ5 UCIag5 LCl.99 UCI.9s 
Area 9 66 1.71 14.9 7.34 2.92 5.54 8.95 6.74 7.95 6.49 8.20 
Background 35 2.54 11.9 6.33 2.40 4.51 7.74 5.64 7.01 5.34 7.32 

F-test 
F =  1.490 
P-value = 0.206 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
w =  927.5 
P-value = 0.053 

BERYLLIUM (using DL, not DL12) 

Dataset N Min Max Mean SD Low Q Up Q .LCI.9s UC1.85 LCl.99 UCl.99 
Area 9 67 0.03 1.1 0.422 0.200 0.290 0.528 0.381 0.463 0.364 0.480 
Background 35 0.22 0.99 0.573 0.204 0.410 0.770 0.514 0.631 0.488 0.657 

t-Test (means) 

P-value = 0.0005 (equal variances) Area 9 c Background 

F-test (variances) 
F =  0.963 
P-value = 0.875 

Mann-Whi tney (Wilcoxon) W test 
W =  1654.5 
P-value = 0.0003 

t =  -3.583 

(medians) 
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RADIUM-226 

Dataset N Min Max Mean SD Low Q Up Q LClsSs UCIes5 LC1.9s UC1.9s 
Area 9 66 0.78 1.98 1.19 0.26 0.97 1.38 1.14 1.24 1.12 1.27 
Background 35 0.52 1.60 0.95 0.26 0.75 1.15 0.88 1.02 0.84 1.06 

t-Test (means) 
t =  4.461 
P-value = 0.000 (equal variances) Area 9 > Background 

F-test 
F =  1.013 
P-value = 0.990 

(variances) 

Mann-Whitney (Wilcoxon) W test (medians) 
W =  540.0 
P-value = 0.000 

URANIUM, TOTAL 

Dataset N Min Max Mean SD Low Q Up Q LCI.ss UCI.ss LC1.s9 UCI.Bs 
Area 9 66 1.01 8.48 2.87 1.75 1.36 4.00 2.51 3.23 2.36 3.38 
Background 35 0.80 4.50 2.20 1.11 1.10 3.10 1.88 2.52 1.74 2.66 

t-Test (means) 
t =  2.342 t 

P-value = 0.021 (unequal variances) 

F-test 
F =  2.482 
P-value = 0.005 

(variances) 

Mann-W hi t ney (Wi Icoxon) W test 
w =  912.0 A9 > Background @ 95% C.L. ' 

P-value = 0.042 CNBD @ 99% C.L. 

(medians) 



Correlation: 
Correlation is presented as the R-Squared value from an ANOVA (ANalysis Of VAriance) table ' 
of a regression of the analyte (dependent variable) versus Total Uranium (independent variable). 
The R-Squared presented is the Adjusted R-Squared value which is adjusted for the number of 
coefficients in the model. 
The R-Squared statistic explains the percentage of variability that is explained by the regression 
model. A low value would indicate that analyte concentrations are little impacted by variations in 
Total Uranium. This in turn indicates that the mode of deposition of Uranium is probably not the 
same as for the analyte. 

0 
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Analysis of Variance Results: Analyte vs. Uranium, Total 

I 0"- 3 F J  Correlation .R-squared 
Model F-Ratio P-Value Coefficient (percent) 
Arsenic 5.65 0.0179 -0.1 I83 1.4002 
Beryllium 13.72 0.0002 -0.1834 3.3643 
Radiurn-226 1.02 0.3127 -0.0506 0.2561 

Correlation R-squared 
Model F-Ratio P-Value Coefficient (Dercent) 
Arsenic 3.22 0.0749 -0.1532 2.3477 
Beryllium 2.08 0.1519 0.1254 1.5730 
Radiurn-226 0.01 0.9259 0.0080 0.0065 

I 12"- 36" I Correlation R-squared 
Model F-Ratio P-Value Coefficient (percent) 
Arsenic 2.33 0.1284 0.0938 0.8799 
Beryllium 2.74 0.0990 0.1018 1.0354 
Radiurn-226 8.21 0.0045 0.1743 3.0385 

\ 

Italics = statistically significant relationship between variables.at the 5% level 



UCL on the Mean vs. FRL or 95'h Percentile Comparisons: 
0 

0 

0 

0 

Primary COCs (Radium 226 and Total Uranium) the UCL of concern is the 95 percent UCL, as 
per SEP. 
Secondary COCs (Arsenic and Beryllium) the UCL of concern is the 90 percent UCL, as per 
SEP. 
The UCL calculation is based on the assumed underlying distribution of the population. Again, 
the Shapiro-Wilk or Shapiro-Francia test was used to determine the distribution. 
For Normal or Lognormal distributions the methodology is outlined in Gilbert, 1987. 
For undefined distributions the UCL was calculated on the median. For sample sizes less than 50 
samples the procedure and tables are given in Gilbert, 1987. 
For undefined distributions with larger sample sizes a trial-and-error method was employed using 
Statgraphics statistical software. This method entails using the probabilities from a Sign Test 
varying the comparison value until any other increase would produce a probability level greater 
than 5% (or 10%). The resultant value is then the UCL of the median. This method, based on the 
Central Limit Theorem, is outlined in the Statgraphics manual and is described in Conover, 1971. 

- 
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Sign Test Prob. 
BackSS Back-All BackSS Back-Ail 

v-6" N Mean SD LogMean LogSD Median Distribution UCL(N) UCL(LN) UCL(Median) FRL(off) 95th Pct. 95th Pct. FRL(off) 95th Pct. 95th pct. *' 
0.000 0.000 0.000 Arsenic 66 7.46 2.38 - -  

Sign Test Prob. 
BackSS Back-All BackSS Back-All 

O"-lz" N Mean SD LogMean LogSD , Median Distribution UCL(N) UCL(LN) UCL(Median) FRL(off) 95th Pct. 95th Pct. FRL(off) 95th Pct. 95th pct. 
0.000 0.000 0.000 

2 fails Shapiro Wilk @ 5% level due to one Hiand one Low potential outliers. otherwise passes very strongly 
Sign Test Prob. 

BackSub BackSub 

2.149 0.250 
-0.601 0.360 



Sources: 

0 

0 

0 

Gilbert, Richard 0. (1987). Statistical Methods for Environmental Pollution Monitoring. Van 
Nostrand Reinhold, New York. 
Conover, W.J. (1971). Practical Nonparametric Statistics. John Wiley & Sons Inc., New York. 
Madansky, Albert ( 1988). Prescriptions for Working Statisticians. Springer-Verlag, New York. 
U.S. Environmental Protection Agency, 1998. Guidance for Data Quality Assessment (QNG-9, 
QA97 Version). EPN600/R-96/084. Office of Research and Development. 
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